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M
aABSTRACT
The sticking probabilities for sputtered atoms of 
9hNh 
and
103 Rhincident on Al203 surfaces have been measured using; the
backscattering of MeV heavy ions. In the circumstance where the
collecting surface has become thickly covered, the sticking
probabilities i ntegrated over the energy distribution of sputtered
atoms are 0.97 ± 0.01 and 0.95 ± 0.01 for 95 N and 
103811, re-
spectively. In the limit of negligible areal coverage of the
colle-tor, the accuracy is less; in this case the sticking
probabilities are 0.9740.03 and 0.95+0.05
-0.08	 -0.08
i
k
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1.	 I NTRODUCTI ON
Dete nnination of sticking probabilities for atoms incident on solid
surfaces and analysis of the scattered atoms are of considerable interest
for several reasons. Sticking probabilities (Synonymous with trapping frac-
tion and capture coefficient) are expected to depend strongly on the atom-
surface interaction and models for this interaction can be checked by comparing
experimental sticking data with the model predictions (see, e.g., Modak and
Pagni, l
 Trilling and llurkmans` ^). Such measurements are also important in
connection with sputtering measurements which involve collection of sputtered
material. There the sticking probability is a necessary ingredient in deter-
mining the sputtering yields. Finally, the growth of grains in intersteliar
space, and hence the composition, is strongly influenced by atomic sticking
probabilities.
In general, sticking probability measurements have been restricted to a
few small classes of atom-surface combinations; most measurements have involved
rare gases or alkali metals incident on metallic (usually tungsten) surfaces
(lturkmans et a l.,`' ' 1} Sau and Merri 11'F) ), al though there have also been a few
measurements for alkali metals on ionic crystal:. ('I'omoda et al.	 measure-
ments involving other atom-surface combinations include silver on tungsten
(Cho and Hendricks 7 ) and uranium on Al?0
`;
 and gold (Li>)brecht et al.0).
For the applications mentioned earlier, it i.-7ould be useful to know the
sticking probabilities for a greater variety of atcmi-surface combinations.
In this paper we describe a technique for measuring sticking factors which
is relatively independent of the chemical properties of the incident atoms
and surfaces involved and thus may be used for a wider range of atom-surface
combinations.
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2.	 10111 ER1MINTAL PROCEDURE
Our technique for determining sticking factors is a modification of the
"double-bounce" technique used by Libhrecht et al. 8 to determine the sticking
probability for uranium atoms sputtered onto a surface of Al 2O.i. In this
section, we give a brief overview of the technique, followed by a more de-
tailed descriptioti of the spiatering and analysis procedures.
^..1 Overview
As shown in Figure 1, low energy atoms are produced by sputtering a
target of material A. As the sputtered atoms enter the sticking factor ch.unber,,
they are collimated into a "be.un" which has radius a at the surface of the
primary catcher foil (material 13). Atoms incident on this foil stick with
probability k13 (11 1 (r)) where n l (r) is the surface density of atoms of A on
the primary foil as a function of the distance r from the center of the beam
spot. Sputtered atoms which do not stick to the primary foil may be scattered
onto the cylindrical secondary catcher foil (also of material 1,) where they
stick with probability ki; (n, (X)) [n, (X) is the surface density of atoms of
A on the secondary foil at the angle X]. If the surface densities n l (r) and
nG (X) are sufficiently S111,111 (much less Lhan a monolayer), k A should be
independent of tie thi
the surface densities 
ckness of deposited material A. if it is also assumed
sticking factor by
^I	 ,	 n^
k	
(X) sin X d;^.
^
	 R" --°—a- --
J n l (r) r dr
0
2
n l (r) and n ,,(-,k).These densities are related to Vie
where R is the radius of the secondary catcher foil. The measurement by
Libbrecht et al. a suggests that, at least for heavy atoms incident on it light
substrate, the assumption about the energy dependence of B is valid.
The nuclear track technique used by Libbrecht et al.^ for determining
uranium surface thicknesses is sufficiently sensitive that Equation (1) may
be used to deternine kA. ll0wever, for most surface analysis techniques, nI(r)
must be several monolayers in order to measure n2 (X)if kA is close to 1.
Thus, the assumption that kA is independent of thickness may be invalid and
Equation (1) must be modified. In order to do this, it is useful to define
two quantities. If a thickness n of sputtered material is collected on an
initially clean catcher foil, the ratio of collected atoms to incident atoms
is given by:
n	 _ 't
1
F1l	 dn__Ki;n (n) .. I n o 1cB(n^)
We also define the relative sticking factor, I"A(n)
	
n
== KA(n)/K n (0). in the
limit of small n, %(n) .- k^ (n) and k (n) - 1. For large n, we expect
KA(n)	 KA(n)	 kA(n) := constant. If n,-)(X) is sufficiently small for all X
1
and if n l (r) is sufficiently large so that 1,,B(112(X)) - 1 and K(n l (r)) is
constant for all r, then R (0) may be determined if we also assume that the
angular distribution of the atoms scattered from the primary foil is inde-
pendent_ of n I (r). We find
1r^ ^
j
	
n2(x) sin y, d x
li	
(Z (n )
	
a
B 1	 f n l (r) r dr
0
(2)
('5)
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Equation (:) differs only s=lightly from Equation (1): In order to determine
kA (0), we must measure not only the thicknesses n 1 (r)and n2Oo , but also11
the relative sticking factor. hA(nl).
The relative sticking factor may be determined using the geometry
.1iown in Figure ^. After the target is sputtered, the final distribution of
collected material on the catcher foil is given by
n(9) = S(0)K^ (11(,,4)} 9 . 	 (4)
In this equation, S(A) is the differential sputtering yield, U is the radius
of the catcher foil, q is the charge of the incident sputtering ion, and Q
is the final integrated charge of these ions. By comparing the distributions,
n i (A), obtained from various integrated charges, Q i, the relative sticking
factor may be deteimiined. In particular, if no is small enc ►ugh that KA(n o) =
KA(0), then we find
A	 ni(A) Qo	 (5)
Once the sputtered material has been collected, the surface thicknesses
must be determined before Equations (5) and (;)) may be used. For our measure-
ments, these thicknesses were determined by Rutherford backscattering with 19F
or 160 ions.
2.2 The S 
'Lutterin g Kuns___ ___
As indicated above, two sputtering runs were necessary for each sticking
factor determination. For all of these runs, the target was sputtered with
80 keV 
11OAr+ 
ions and the sputtered material was collected on catcher foils
which were ;)9.997;", aluminum. Since alu ►ninum forms a thin protective oxide
i
layer when exposed to the atmosphere, the catcher foil surface itself was
Al203 . the targets were thick foils of pure niobium or pure rhodium which
were at room temperature.
All sputtering run g were carried out in all ultra-high vacuum (U1IV) system
which had a base pressure of
	 2 X 10
-q
 Torr. At such Pressures, the catcher
foils would be coated with a layer of gas atoms. This could affect the stick-
ing factor for the sputtered atoms and will be discussed later. When the
	 Ar
sputtering; beam was introduced into the UIIV system, the pressure rapidly rose
to an equilibrium value of — 10
-U
 Torr. Fortunately, inert gases af^: not
strongly adsorbe. so this increased pressure probably did not affect the
surface of the catcher foils. It was also not high enough to cause
scattering of the sputtered atoms or otherwise affect the sputtering process.
The first sputtering run was performed using the catcher foil geometry
shown in Figure 2. A large catcher foil eras mounted on a vertically movable
cylinder which had a radius of 3.8 cm. A fixed inasking cylinder was placed
between the target and the catcher foil cylinder so that only the region of
the catcher foil which was at beam level collected Sputtered material. Thus,
by moving the catcher foil cylinder vertically, several distributions, ni(0),
could be obtained without breaking the vacuum.
As can be seen from Equation (5^, it was important that the currc t due
Lo the sputtering beam be integrated correctly. The beam was collimated up-
>tream to a diameter of — 3 mm so that it reached the target without striking
	
!'
either the catcher foil cylinder or the masking cylinder. The two cylinders
were electrically connected to the target so that the net current from the
entire assembly was integrated. 'Thus, the target bias should not have affected
the measured current since most of the secondary electrons produced at the
target were trapped by the cylinders surrounding it. We found no change in
J
^^	 __
the currant when the bias was f-hanged from X300 V to -100 V. During the
actual run, the target bias was 4300 V.
It was also necessary that the sputtering yield, S(W), be the same for
all of the distributions n 1 (0). In particular, the surface of the target
could not change after we began to collect sputtered material. We also wanted
other parvreters such as the U1N pressure to remain constant. Both of these
conditions were satisfied by sputter-cleaning the target with a 5-µA 110Ar*
beam for about half an hour prior to collection of the sputtered material.
This was enough to remove nny surface oxide layer on the target, establish
an equilibrium Ar distribution within the target,-
 also r ise the pessure
to its equilibrium value of — 10
-6
 Torr.
After the target had been sputter-cleaned, tho catcher foil was exposed
to the target and sputtered material was collected until an integrated charge
of Ql was reached. The beats was then deflected and a clean region of catcher
foil was exposed to the target. '1his procedure was repeated for several inte-
grated charges, Q i , ranging from 1 X 10 ` C to 2 X 10 ` C for the Nb measure-
ment and from G X 10 It C to 1.8 X 10 co C for the Rh measurement. In all cases,
the integrated charges were the same for the first and last distributions
collected during each run in order to determine the reproducibility of the
distributions.
Once the sputtering run was completed, the catcher foils were removed
from the UIPJ system and stored for later analysis.
The second sputtering run was performed using the geometry of figure 1.
Catcher foils were mounted in two sticking factor ch.imbers and clamped into
position as shown. The radius of the secondary catcher foil was 1.27 cm and
the diameter of the entrance hole to each ch=ber was 3.^ nun.
6
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For this run, it was not possible to shield the catcher foils from the
target until the equilibrium conditions discussed above were establi.ehed.
However, in order to collect enough material on the secondary foil to permit
analysis, it was necessary to run for an integrated charge of Q Z 0.5 C.
Since equilibrium conditions were reached after a much shorter integrated
charge, the lack of shielding was not e;:pncted to affect the results of
this run.
Accurnte current integration was not crucial for this run. The current
was monitored primarily to determine when enough material had been sputtered,
although we also tried to reproduce the average current used in the first
sputtering run. 6lien the desired integrated charge was reached, the catcher
foils were removed from the U1IV system and stored for analysis.
2.3 Catcher Foil Anal^sis
Once the sputtering runs were completed, the surface thicknesses were
determined by Rutherford backscattering analysis with 10-MeV 19i, or 160 ions.
1
In the mass region near A "- 100, surface thicknesses as low as 5 X 10 `' atoms/cm2
can be measured easily with this technique. The sensitivity increases at lower
beam energies, but we observed significant target sputtering at energies much
below 10 MeV. Since we were using a Si surface barrier detector to detect
the hackscattered ions, our mass resolution was not good. However, that was
not important for this measurement since the mass of the scattering nuclei
was known and since there was no foil contaminant in the relevant mass region.
The catcher foils were mounted on a hexagonal target holder and placed
in the scattering chamber as shown in Figure 3. The target holder was attached
7
to a vertical feed-through N-Aiich allowed it to be raised, lowered or rotated
from outside the chamber. A quartz slide was also mounted on the target holder
7
to allew visual monitoring; and adjustment of the size and shape of the ion
beam. The beam spot was always smaller than 2 time on a side. Typical beam
currants were 100 nA.
For heavy ion beams such as 19F and 160, current integration caa be a
problem due to secondary electrons (Loe'.onstein et al. 9). The current was
integrated from the target which was biased at +1200 V and the beam was
collimated upstrewn so that electrons from the collimation slits did not
reach the target. By observing the backscattered yield at several energies,
we verified that the current integration did not vary with beam energy. Since
the secondary electron production changes with the incident begun energy, this
indicated that our electron suppression was adequate.
As shwoni in Figure 3, the detector was located at an angle of 147.80
relative to the incident beam. It subtended a solid angle of 6.0 x 10 S sr.
Pulses from the detector were auplifiv d and counted using a wulti-channel
analyzer. The yield of backscattered particles could then be used to deter-
mine the surface thickness of sputtered material in the region of the beam
spot.
For this experiment, the most important problem and probably the largest
source of error was in the pusi.tioning of the foils. To determine the relative
sticking factor from Equation 	 it was necessary to measure the surface
thickness of sput!-er_ed material at the same value of 9 on several foils. To
determine the absolute sticking factor from Equation (5), data points taken
from the primary and secondary foils had to be correlated with the appropriate
values of r and X, respectively. For the relative stickl-ag factor measurements,
the catcher foil was marked prior to the sputtering run. By careful mounting
of the various strips of sputtered material oil
	 sides of f ile target
bolder, we were able to reproduce A to within LP = 3.6°. Comparison of the
8
distributions on the two foils which had collected sputtc+rc ,d material for the
same integrated charge were consistent with this estimate. For the absolute
sticking factor measurements, relative positions on the foils could be deter-
mined to t 0.5 min. Zeros for both r and x were obtained from the measured
thickness distributions by requiring that they he syiiunetric about r = 0 and
X = 0, respectively.
Once the relevant thickness measurements were correlated with their
coordinates during the sputtering runs, the relative and absolute sticking
factors could be determined from Equations (3) and (b).
3.	 E ESULTS
Figures 4 and 5 show the relative sticking factors, k (n), as a function
of surface thickness for rhodium : , td niobium atoms sputt!r.ed into surfaces
of At203 . As indicated in the previous section, the major source of error
for these measurements was the uncertainty in the foil positions during
collection and subsequent analysis. The effects of this uncertainty as well
as the effects of possible changes in the target and catcher foil surfaces
during; the sputtering run were estimated by comparing the spectra, nl((d),
obtained from two catcher foils corresponding to the same charge, Q l, of
sputtering, i::ns. Other sources of error ( i.e., counting statistics) were
much :smaller and the total uncertainty for both data sets is estimated at
± 8
For both Rh and Nb, there does not seem to be any systematic variation
in the sticking factor as a function of the thickness of deposited material.
Since such changes should be obvious for thicknesses of a few monolayers, we
assume that the sticking; factor remains approximately constant and we take
fzAt 0 (n) = hAl 0 (n ) = 1.00 •_* 0.08 for all n.2 3
	
2S
k 
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Absolute sticking factors were also determined for Rh and Nb atoms
sputtered onto A1„0,; surfaces. As indicated in the previou:i section, this
C- 6
required weasurem.e-ut of the thickness distributions n i (r) and n?(x) and
a	 ? r^2
evaluation of the integrals I i	 f n^ ( r) r d  and 1 2 =- R f	 n„ (x) sin x dX .0	 0
Figures 6 and 7 shuw the distributions obtained for the Rh measurements.
Similar results were obtained for Nb. To -)btain the integral I li, the distri-
bution n l (r) was fitted to a polynomial in r ` . For the integral I 2) n 2
was fitted to a function of the form A cos mx. For this distribution
.
, some
data points (I e.,, near the hole in the foil at ), = 00 ) seemed questionable
and their inclusion changed the values of A and w significantly from those
obtained without these data. However, the integral was not significantly
affected. All data points are included in Figures 6 and 7.
Table 1 shows the values of Ii, 121 12/ 1 1 and kA(0) as determined from
the Ith and Nb measurements. The Prrors are not symmetric about the values
of kA,0) Since kA(0) cannot be greater than 1. It should also be noted that
the error in kA(0) arises almost entirely from the error in 
l , A(11).
Undc-r some circumstances, the quantity hA (n) can be determined much more
accurately than 1-A(0). In particular, if n 1 (r) is large enough for all r
such that kj; (n l ) satisfies
kA(n,) a hA ( 11 1 )	 kA(111)!
then it can be shown that
I
kA(n l )	 1 -fz (n t ) I?
1
We expect this expression to be valid for both the Rh and Nb measurements.
The resulting values for kA are liven in the last column of Table 1.
I
10
At this point, it is importan, to recall the pressure at ^'iich these
measurements were made. During the sputtering procedure ., thc • ha::e prL.Ssure
of the UHV systein was — 2 x 10 D Torr, implying that the catcher foil surfaces
were initially coated with gas molecules. 11ius, we have not really measured
the sticking; factors for Rh and Nb on an Al203 surface. Rather, we have
measured the sticking factor for these elements on a gas-coated Al P0.5 surface.
The pressure also affected the measurement of relative sticking factors and
the determination of k ilt ► and kNb . Here the effect was a little more compli-
cited since, for the relative sticking; factor measurement and for the primary
catcher foil, sputtered material was being deposited more rapidly than gas
atoms were being adsorbed onto the surface. hliat we have really measured in
this case are the absolute :,ticking factors of Rh (or NO on the appropriate
equilibrium surface mixture of Rh (or Nb) and gas ato►n:. The relative stick-
in& factor me- - nents correspond, in fact, to several different mixtures of
sputtered atoms and adsorbed na y since sputtered material was deposited at a
different rate for each value of A in Equations (4) and (5). Systematic
variations of the sticking factor with 9 were not observed for either the Nb
or the Rh measurements.
1j.	 DISCUSSION
Most theoretical predictions of sticking factors are obtained from models
which consider only the initial collision between the incident atom and surface
atoms. If the mass ratio between these atoms is equal to or greater than one
and If normal incidence is assumed, all of these models predict sticking
factors of unity, independent of specific assumptions about atom-surface
interactions. our result: for medivm-mass atoms (Rh, Nb) in dent on a lijit
surface (Al 0^ or the surface gas layer) are consistent with these predictions.
11	 \
Other authors (Hurkmans et a1. )
10 
Overbosch et al. 11 ) have reported signifi-
cantly enhanced sticking frctors for various ions incident on oxygen-coated
tungsten surfaces as compared to the values on clean surfaces. These results
support Ole assumption that only the initial atom-surface collision is im-
portant in estimating sticking factors and suggest that little can be learned
about atom-surface inter:.ctions for cases where the mass ratio is greater
than one.
Other results contradict the predictions of the single collision models.
For example, our results which are described herein show that in two cases
where the mass ratio is exactly one, the sticking factor is slightly, but
significantly, less than one. Similar results have been obtained by Libhrecht
et al. 0 for sputtered uranium atoms incident on surfaces of Al 20.5 and Au.
For the uranium measurements, resputtering of the deposited uranium atoms
was eliminated as a source of the discrepancy (Libbrecht et al. a ); this effect
also seems unlikely in our experiments. it is improbable that thermal pro-
cesses are responsible since the measurements were made at relatively low
temperatures (_ 300 r.); also, the angular distribution of material deposited
on the secondary foil 4 :7 inconsistent with such processes. A more likely
possibility is that multiple scattering plays a small but non-negligible role
in determining sticking factors for atom-surface combinations where the mass
ratio is greater than one.
For mass ratios less than one, the predictions of the various models
are more complicated. Although we have not measured sticking factors for
atom-surface combinations with such mass ratios, our procedure may be applied
to this more interesting region if a suitable vacuum is obtained. The tech-
nique is relatively independent of the chemistry of the incident and surface
atoms and thus may be used for a range of atom-surface combinations. The only
Y 
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requirenuuit% are that (1) the mass of the incident atcnis is sufficient 1 
different from t1 ►at of the surface atoms that they call L-, resolved by Lack-
scattoring, (.') the mass of the incident atom is greater than the mass of the
ion used for backscattering and (:,) the incident atom is not rapidly desorbed
at the tempera LL -e used for the:,e measurements.
As a technique for the calibration of catcher foils in sputtering experi-
ments, our procedure is quite successful. .".1though the pressures involved in
the sputtering runs were too high to allow us to obtain reliablc sticking
factors for the AtP0
:5 surfaces, th o se pressures are typical of those used in
sputtering measurements and am thus appropriate for collector foil efficiency
calibration. Our measurements indicate that, for our geometry and catcher
foils, sptittered atoms of NI) and Rh are collected with almost 1004 P efficiency.
OE course, further measurements are necessary for other elements.
With an improved vacuum, it will be interesting to compare stacking
factors obtained from clean foils with those from gas-covered foils. Although
sticking factors near one are expected for heavy atoms incident on a lighter
surface, such mass ratios are not always obtainable in sputtering experiments.
For example, once a fraction of a monolayer of material has been deposited by
the sputtering of an alloy, atoms from the lighter component way collide. with
heavier atoms already c eposited on the surface. if sticking is enhanced by
surface gas layer, an improved vacuum might, in fact, be unde. ,:irable for
certain sputtering measurements since a large sticking factor is desired.
A variety of other sticking factor measurowet ► ts may lie made with minor
adaptations to our technique. Such measurements would oe of interest in
connection with many physical problems rangiiig from surface physics to
astrophysics.
13
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FIGURE CAPf1ONS
FIGURE 1. Geometry for absolute sticking probability measurt-meets. Low-
energy atoms arc produced l)y sputtering a target of material. A. Some of
these sputtered atoms strike the primary catcher foil (material 11) where
they stick with a probability kB. many atoms which bounce off strike the
cylindrical secondary catcher foil where they mly also stick. If the surface
density of collected material is not too large, kA; may be determined by
analysis of these two catcher foils.
FIGURE 2. Geometry for determining the dependence of the sticking; probability
on the thickness of the collected layer. 1-hen the target is sputtered by a
given charge, Q, of incident ions, a distribution, n(A), of sputtered atoms
is collected on the catcher foils. This distribution is proportional to Q
and to the relative sticking probability (,B, n). By obtaining several distri-
butions, n i (0), corresponding to different sputtering charges, Q i , the
dependence of the sticking probability on layer thicknesses may be determined.
FIGURE 3. Geometry for backscattering analysis. Catcher foils from the
sputtering runs are mounted on the sides of a hexagonal target bolder which
may be raised, lowered or recited. The target is irradiated with a heavy-
ion berm and ions scattered from the target at a lab angle of 147.8 0
 are
detected by a surface barrier detector. The detector subtends a salid angle
of (;.0 X 10 -`' sr.
FIGURE 4.  Relative sticking probability for Nb on Al 203 . x's refer to values
of no
 for which the relative sticking factor is defined to be 1. Statistical
errors on the other data points are :t 5p, and the total error is estimated to
be t 8,% within that limit (given by the clashed lines), there is no apparent
change in the sticking factor as a function of thickness.
1G
bFIGURE,	 Relative sticking; factor for Rl ► on Al I2 As for flit , Nh data)i
there is no apparent change in the sticking factor within an ustimated
error of 3 R,,. (given by th ' . dashed lines).
FIGURE, G. Distribution of material collected on primary catcher foil for
1:h on Al„0:.. There data were fitted to a polynomial in r ` in order to
obtain the irtegral 1 1 . Similar data wort.-werr obtained from the Nb measurement.
FIGURE' 7. Distribution of maters
for Rh on Al 0`.. Those data were
Mon all data points are included
found for the Nb measuromont. In
strongly on the value of m.
al collected ,,if 	 catcher foil
fitted to a function of the form cot; mX
In the fit) m 7e 0.75. 'Similar data wore
both case:a^ the integral did not depend
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